A needle core biopsy diagnosis of atypical ductal hyperplasia is an indication for open biopsy. The launch of randomized clinical trials of active surveillance for low-risk ductal carcinoma in situ leads to the paradoxical situation of women with low-grade ductal carcinoma in situ being observed, whereas those with atypical ductal hyperplasia have surgery. If the malignancies diagnosed after surgery for atypical ductal hyperplasia are dominated by low-risk ductal carcinoma in situ, women with atypical ductal hyperplasia may also be considered for surveillance. This 10-year prospective observational study includes women diagnosed with atypical ductal hyperplasia on core biopsy after screening mammography. We retrieved their clinical, imaging and histologic data and carried out a blind review of core biopsy histology, sub-classifying the atypical ductal hyperplasia along a spectrum from hyperplasia to ductal carcinoma in situ. Using the final surgical pathology data, we calculated: (1) The proportion and grades of ductal carcinoma in situ and invasive cancers diagnosed at open biopsy. (2) The histologic extent of the malignancy at surgery. (3) The biomarker profile and nodal status of any invasive cancers. (4) Ascertained any independent predictors of (i) any malignancy, (ii) high-risk malignancy, defined in this study as invasive cancer, or high-grade ductal carcinoma in situ, or intermediate grade ductal carcinoma in situ with any necrosis. (5) Extrapolated the above to simulate active surveillance for women with screen-detected atypical ductal hyperplasia. Between January 2005 and December 2014, 114 women, mean age 59 years (range 40-79 years) were included. Surgical pathology, available in 110 (97%), confirmed malignancy in 46 (40%). All 46 malignant cases had ductal carcinoma in situ, accompanied by invasive carcinoma in 9 (8%) women. Together, 21 (19%) women had either invasive cancer (9%), high-grade ductal carcinoma in situ (6%), or necrotizing, intermediate grade ductal carcinoma in situ (6%). Only one of nine invasive breast cancers was grade 1, 3 were multifocal, all were ≤ 8 mm, node negative, and ER positive but two were HER2 amplified. The mean extent of the ductal carcinoma in situ in any one specimen was 19.8 mm, median 13 mm, range 2-110 mm. Overall 32 women, 29% of the whole cohort and 70% of those 46 with malignancy, required further surgery, including mastectomy in 12 (11%). A multivariable model for predicting the likelihood of any malignancy showed a statistically significant association only with the post review subtype of atypical ductal hyperplasia, adjusting for lesion size. Independent predictors of high-risk malignancy (invasive cancer or non-low-grade ductal carcinoma in situ) were not identified. If active surveillance is adopted for screen-detected atypical ductal hyperplasia diagnosed on core
A needle core biopsy diagnosis of atypical ductal hyperplasia is an indication for open biopsy. The launch of randomized clinical trials of active surveillance for low-risk ductal carcinoma in situ leads to the paradoxical situation of women with low-grade ductal carcinoma in situ being observed, whereas those with atypical ductal hyperplasia have surgery. If the malignancies diagnosed after surgery for atypical ductal hyperplasia are dominated by low-risk ductal carcinoma in situ, women with atypical ductal hyperplasia may also be considered for surveillance. This 10-year prospective observational study includes women diagnosed with atypical ductal hyperplasia on core biopsy after screening mammography. We retrieved their clinical, imaging and histologic data and carried out a blind review of core biopsy histology, sub-classifying the atypical ductal hyperplasia along a spectrum from hyperplasia to ductal carcinoma in situ. Using the final surgical pathology data, we calculated: (1) The proportion and grades of ductal carcinoma in situ and invasive cancers diagnosed at open biopsy. ( 2) The histologic extent of the malignancy at surgery. ( 3) The biomarker profile and nodal status of any invasive cancers. (4) Ascertained any independent predictors of (i) any malignancy, (ii) high-risk malignancy, defined in this study as invasive cancer, or high-grade ductal carcinoma in situ, or intermediate grade ductal carcinoma in situ with any necrosis. (5) Extrapolated the above to simulate active surveillance for women with screen-detected atypical ductal hyperplasia. Between January 2005 and December 2014, 114 women, mean age 59 years (range 40-79 years) were included. Surgical pathology, available in 110 (97%), confirmed malignancy in 46 (40%). All 46 malignant cases had ductal carcinoma in situ, accompanied by invasive carcinoma in 9 (8%) women. Together, 21 (19%) women had either invasive cancer (9%), high-grade ductal carcinoma in situ (6%), or necrotizing, intermediate grade ductal carcinoma in situ (6%). Only one of nine invasive breast cancers was grade 1, 3 were multifocal, all were ≤ 8 mm, node negative, and ER positive but two were HER2 amplified. The mean extent of the ductal carcinoma in situ in any one specimen was 19.8 mm, median 13 mm, range 2-110 mm. Overall 32 women, 29% of the whole cohort and 70% of those 46 with malignancy, required further surgery, including mastectomy in 12 (11%). A multivariable model for predicting the likelihood of any malignancy showed a statistically significant association only with the post review subtype of atypical ductal hyperplasia, adjusting for lesion size. Independent predictors of high-risk malignancy (invasive cancer or non-low-grade ductal carcinoma in situ) were not identified. If active surveillance is adopted for screen-detected atypical ductal hyperplasia diagnosed on core biopsy, 60% of women will avoid unnecessary surgery and a further 24% would meet eligibility criteria for ductal carcinoma in situ surveillance trials. However, 18% of women will have undiagnosed invasive breast cancer or nonlow-risk ductal carcinoma in situ. These women with high-risk lesions are not reliably identified pre-operatively. Modern Pathology (2018) 31, 395-405; doi:10.1038/modpathol.2017.114; published online 3 November 2017 Atypical intraductal epithelial proliferations diagnosed on needle core biopsy are often referred to as atypical ductal hyperplasia in the literature. 1 In this context, the term atypical ductal hyperplasia covers a broad spectrum of lesions that, while showing some atypical histologic features, fall short of the diagnostic criteria for ductal carcinoma in situ. Prompt surgical biopsy is usually recommended for this group of lesions, owing to their high upgrade rates to ductal carcinoma in situ or invasive cancer. Even in contemporary practice, reflected in studies published since 2011 (Table 1 ), the upgrade rates for atypical ductal hyperplasia diagnosed on core biopsy range from 9-56%. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] To our knowledge, at present four randomized clinical trials of active surveillance for so called 'low-risk ductal carcinoma in situ' are at various stages of activation. These include the UK LORIS trial, 15 LORD (ClinicalTrials.gov Identifier: NCT02492607), 16 COMET (ClinicalTrials.gov Identifier: NCT02926911), and the Australian LARRAKIN trial. With LORIS as the exemplar, these trials seek to determine whether active surveillance by mammography may be a non-inferior alternative to surgical excision for women diagnosed with low grade or intermediate grade, non-necrotic ductal carcinoma in situ, diagnosed on core biopsy or diagnostic open biopsy without clear margins. Eligibility requirements for LORIS include age ≥ 46 years, detection through screening or incidental (asymptomatic) microcalcifications and absence of (i) any symptoms, (ii) prior history of breast cancer, or (iii) inclusion in groups at high risk for breast cancer. Women randomized to the active surveillance arm of the LORIS trial are monitored by annual mammography. Surgery will be recommended if imaging features suspicious for invasion develop or if the microcalcifications extend beyond the original quadrant. The primary outcome measure in this trial is the ipsilateral invasive breast cancer-free survival rate at 5 years. Annual mammography will continue for at least 10 years and a range of secondary outcome measures will also be evaluated, including time to the development of ipsilateral breast cancer, to any surgery and to mastectomy. A range of patient reported outcomes, notably quality of life measures and health economic analyses, comprise important facets of this trial.
The launch of surveillance trials for ductal carcinoma in situ leads to the paradoxical situation whereby women with atypical ductal hyperplasia would be advised to proceed promptly to surgery while those with established ductal carcinoma in situ are being observed. In this context, our aim was to determine the frequency and nature of malignancies diagnosed after surgery for screen-detected atypical ductal hyperplasia on core biopsy. If the surgical outcomes in this group are dominated by low-risk ductal carcinoma in situ, atypical ductal hyperplasia may be included in trials of active surveillance, noting that low-grade ductal carcinoma in situ represents o15% of all screen-detected ductal carcinoma in situ. 17, 18 Aims: we wished to evaluate our population-based screening service's experience with lesions diagnosed as atypical ductal hyperplasia on core biopsy after assessment of screen-detected breast lesions. Specifically, we were interested in the following outcome measures: 
Materials and methods

The Design of our Breast Cancer Screening Program
The setting for this audit is BreastScreen South Australia. BreastScreen South Australia is part of a national breast cancer screening program, aimed at 21 We routinely obtain client consent prospectively for the use of de-identified data for service monitoring and quality improvement purposes. Our institutional review board does not require additional consent for clinical audits.
Study Design
For a 10-year consecutive time period from Jan 2005 to Dec 2014 we included women with a diagnosis of atypical ductal hyperplasia as the most advanced lesion on core biopsy. Demographic and clinical data were collected prospectively. These include client age and round (episode number) of screening. Among imaging variables, we retrieved the dominant imaging morphology, lesion extent, Tabar imaging grade, the biopsy modality (ultrasound or stereotactic) and the needle core biopsy method (conventional 14G core biopsy or 11G vacuum-assisted core biopsy). We included the original core biopsy diagnosis. Unaware of the final surgical outcomes, we also performed a retrospective histologic review of the core biopsies, whereby one of us (GF), determined the number of cores submitted, the extent of atypia on the core biopsy and classified the atypia into a five-tier system, consisting of atypia bordering florid hyperplasia, complex architecture dominated by micropapillary tufting (as opposed to the classic cribriform architecture of atypical ductal hyperplasia), conventional atypical ductal hyperplasia, architectural atypia bordering ductal carcinoma in situ and significant cytologic atypia.
Through chart review, we documented the findings on breast surgery. This included the final surgical pathologic diagnosis, categorized as invasive cancer, ductal carcinoma in situ, atypical ductal hyperplasia or non-malignant epithelial proliferations. For women with malignancy, the extent of the malignancy, the need for subsequent surgeries and the outcomes of those procedures were documented. All findings were entered into a database for statistical analysis. Using the JMP 12 and the SAS 9.4 statistical software packages, we performed descriptive analyses of the data. In addition, we ascertained independent predictors of (i) any malignancy, (ii) high-risk malignancy, defined in this study as invasive cancer, or high-grade ductal carcinoma in situ, or intermediate grade ductal carcinoma in situ with any necrosis.
To find these independent predictors, we initially performed 11 univariate logistic regression models to test if any of these covariates were associated with the likelihood of malignancy. To test if the covariates were associated with the likelihood of high-risk malignancy, 11 further univariate logistic regression models were performed. An initial multivariable model was created for the outcome likelihood of malignancy versus all covariates with P-value o 0.2 on univariate regression. Backward elimination was performed, deleting the variable with the highest Pvalue, one model at a time until all covariates had Pvalues o 0.1. This procedure was repeated for the outcome likelihood of high-risk malignancy.
Results
Between January 2005 and December 2014, 114 women diagnosed with screen-detected atypical ductal hyperplasia on core biopsy are included. The mean patient age was 59 years (range 40-79 years). In 29 women (26%) the atypical ductal hyperplasia was diagnosed at the first screening episode, in 84 women (74%) in the 2nd to 16th screening visits and this information was missing in one case.
Microcalcifications comprised the dominant screen-detected lesion in 95 (83%) women, one case showed a mass with calcifications, while noncalcified lesions, such as a discrete or stellate mass, architectural distortion or asymmetric density were the main imaging finding in 18 (16%) cases.
Overall, the imaging grade was classified as 3 (indeterminate) in 76 (67%) cases, 4 (suspicious) in 24 (21%) and 5 (highly suspicious) in 14 (12%). Among microcalcifications, the breakdown of the imaging grade was 72% grade 3, 19.0% grade 4 and 10% grade 5.
The mean imaging lesion extent was 19.3 mm, median 11 mm, range of 3-150 mm. Vacuumassisted core biopsy, 11G, was performed in 95 (83%) cases and conventional 14G ultrasound guided core biopsy in 19 (17%) cases. The number of cores retrieved was o 10 in 25 cases, ≥ 10 in 83 cases and not available in six cases. The number of foci involved by ADH was ≤ 3 in 54 cases (51%) and 43 in 53 cases (49%).
After a core biopsy diagnosis of atypical ductal hyperplasia, diagnostic open biopsy was recommended by the multidisciplinary team for all women. Surgical outcomes are available in 110 cases (97%). No surgery was performed in three cases, whereas the surgical specimen did not reach the laboratory in one case. The reason for not proceeding with surgery were severe comorbidities in one case, removal of all microcalcifications by core biopsy in another case and unknown in the final case. Mammographic surveillance at 50 months in two women and 12 months in the third woman has shown no progression. One woman's surgical specimen underwent specimen imaging, which documented the removal of microcalcifications but thereafter the specimen did not reach the laboratory. No follow-up is available on this case. Overall, surgical or imaging follow-up is therefore available in 113 of 114 cases (99%).
Histologic review, carried out unaware of the surgical biopsy findings, confirmed that cases with the cyto-architectural features of classic atypical ductal hyperplasia comprised the largest subset, composing 47 (46%) of the cohort. In 24 cases, the features bordered hyperplasia, five had a mostly micropapillary architecture, 16 had architectural complexity and extent that bordered ductal carcinoma in situ, and nine exhibited cytologic atypia exceeding that associated with low-grade ductal carcinoma in situ (Figure 1 ).
Surgical Pathology Findings
Diagnostic open biopsy was performed in 111 of 114 women (97%). Malignancy was identified in 46 cases (40%), further atypia was the most advanced lesion in 40 cases (36%), and benign, non-atypical findings were reported in the remaining 28 cases (25%). Results are unavailable in one case due specimen misplacement. The upgrade rates for the review tiers of atypia is shown in Table 2 . As can be seen there is a stepwise progression in the risk of an upgrade.
Among the 46 malignant cases, ductal carcinoma in situ was identified in all cases. This was accompanied by invasive carcinoma in nine cases (20%). In five of the nine invasive cancers, microcalcifications comprised the main imaging finding, whereas lesions other than calcifications were found in the remaining four cases. Among the invasive cancers, the imaging grade was grade 3 (indeterminate) in four cases, grade 4 (suspicious) in four cases and grade 5 in the last case. The mean patient age was 60 years. The mean lesion extent on imaging was 15.8 mm, range 5-35 mm. The ductal carcinoma in situ component of the invasive cancers was low grade in two cases, intermediate nuclear Figure 1 (a-f) The range of atypical intraductal proliferative lesions on histology. On review a range of histologic lesions was classified as atypical. These included (a) cases bordering on usual hyperplasia, (b) a subset dominated by a micropapillary architecture, (c, d) the majority of cases full filling the diagnostic criteria for classic atypical ductal hyperplasia as defined from surgical specimens, (e) more established, extensive lesions, bordering on low-grade ductal carcinoma in situ, and (f) lesions with greater cytologic atypia than is usually seen in atypical ductal hyperplasia. 6 Considering all malignant cases, the mean extent of the ductal carcinoma in situ in any one specimen was 19.8 mm, median 13 mm, range 2-110 mm. However, this is likely an underestimation as many women had several surgical procedures due to positive or close margins in the initial open biopsy.
Overall 32 of the 46 women (70%) with malignancy, representing 29% of the whole cohort, required further breast surgery. The additional surgery took the form of a breast re-excision in 19 cases and mastectomy in 12 cases (26%), including a case of bilateral mastectomy for an incidental, contralateral breast cancer. Only 15 women (33%) did not require breast surgery beyond the initial open biopsy, but one of these women did proceed with sentinel node biopsy.
Axillary staging was undertaken in 18 women, including all 9 with concurrent invasive breast cancer. The node count was 4 or fewer in 14 of these 18 cases. All nodes were negative.
<!?A3B2 tlsb -1%?>The flow chart in Figure 2 shows the outcomes, if the inclusion criteria for lowrisk ductal carcinoma in situ trials were applied to this cohort of women with atypical ductal hyperplasia diagnosed on core biopsy. Of the 110 women with surgical outcome data, 28 had benign findings, 40 only further atypia, 15 low-grade ductal carcinoma in situ and 10 intermediate grade ductal carcinoma in situ without necrosis. Taken together, this policy would avoid potentially unnecessary surgery for these 89 women, representing 81% of the cohort. However, this policy would lead to under-treatment of the remaining 21 women (19%), comprising 9 women with invasive cancer, 6 with high-grade ductal carcinoma in situ and 6 with intermediate grade ductal carcinoma in situ with necrosis.
Statistical Analysis
As shown in Table 3 , statistically significant association were found between the outcome likelihood of malignancy and review histologic subgroup (P = 0.0349), number of cores retrieved (global Pvalue = 0.0217) and increasing lesion size on imaging (global P-value = 0.0405). Regarding the number of cores retrieved, for every increase of one core biopsy, the odds of malignancy increased by 18% (Odds Ratio = 1.18, 95% CI: 1.03, 1.37), possibly reflecting lesion size. Quantifying the effect of increasing lesion size, for every unit increase, the odds of malignancy increased by 2.3% (Odds ratio = 1.023, 95% CI: 1.001, 1.0457).
An initial multivariable model was fitted for the outcome likelihood of malignancy versus all covariates with P-value o 0.2 on univariate regression: namely review diagnostic category, number of cores retrieved, screening episode, and size of lesion on mammography. Backwards elimination was performed, deleting variable with the highest P-value, one model at a time, until all covariates had P-value o 0.1. Our multivariable models showed a statistically significant association only between likelihood of malignancy and review diagnostic category, adjusting for size of lesion (global P-value = 0.0470). The association between likelihood of malignancy and lesion size, adjusting for diagnostic category was almost significant (global P-value = 0.0565). Figure 2 Flow chart of findings after follow-up of 114 cases of screen-detected atypical ductal hyperplasia diagnosed on needle core biopsy to simulate a policy of active surveillance.
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Open biopsy for atypical ductal hyperplasia Eleven univariate logistic regression models were run to test if any of these covariates were associated with the likelihood of any malignancy. Subsequently, 11 further univariate logistic regression models were run to test if any of these covariates were associated with the likelihood of high-risk malignancy. All covariates with P-value o 0.2 on these univariate regression analyses were then retained and evaluated for the multivariable models.
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For predicting the outcome high-risk malignancy, 11 univariate logistic regression models were fitted. The association between the outcome likelihood of high-risk malignancy and episode of screening was not statistically significant at the 0.05 level (global P-value = 0.0521), although the P-value was close to this threshold. Other covariates tested were not significant.
A multivariable model for the likelihood of highrisk malignancy only contained the covariate screening episode, as it was the only covariate with P-value o 0.2 on univariate regression. A multivariable logistic regression model found this variable was not statistically significant (P-value = 0.0521).
Discussion
A diagnosis of atypical ductal hyperplasia based on core biopsy findings of a screen-detected breast lesion represents one of the most common and least controversial indications for diagnostic open biopsy. In our recent audit of 10 years of open biopsy from our large, accredited screening program, atypical ductal hyperplasia was the most frequent indication for open biopsy, representing 14% of all cases referred for surgery. 22 In our population-based screening program atypical ductal hyperplasia was diagnosed in 2 of every 1000 women screened and in 1 of 200 women assessed for a screen-detected breast cancer. 23 The upgrade rate of atypical ductal hyperplasia in our series was 40%, well within the range of 9-56% reported in contemporary series. Prior studies have identified a range of features as being correlated with the likelihood of malignancy in atypical ductal hyperplasia. These include diagnosis on the basis of 14G core biopsy, rather than the larger 11G or 9G vacuum-assisted core biopsy, 6 age older than 50 years and mammographic extent ≥ 15mm, 7 more than two terminal duct lobular units involved, significant cytological atypia or necrosis, 13 ≤ 95% calcifications removed, 2 three foci of atypical ductal hyperplasia on histology, 23 extent of atypia, 24 shorter length of the core biopsy, 11 the presence of a palpable mass, 10 ipsilateral breast symptoms, suspicious features on sonography or mammography, evaluation by a pathologist with a low volume of atypical ductal hyperplasia diagnoses, concurrent findings of papilloma or radial scar, 5 or a family or personal history of breast cancer. 3 Khoury et al 9 combined a large number of parameters to present a nomogram for predicting the likelihood of upgrades after a diagnosis of atypical ductal hyperplasia on core biopsy. This nomogram included age, menopausal status, hormone therapy status, personal history of breast cancer, number of involved cores, a solid growth pattern, size of largest focus, and mammographic mass versus calcifications. Although the area under the receiver operator curve was 0.775, indicating good performance, the predictions of this model are imperfect and the model has not been validated independently. At present, consistent, reliable predictors of malignancy for women diagnosed with atypical ductal hyperplasia on core biopsy remain elusive, such that in many centers a diagnosis of atypical ductal hyperplasia on core biopsy remains an indication for prompt open biopsy, to exclude the presence of concurrent ductal carcinoma in situ or invasive cancer.
Surveillance trials for subsets of ductal carcinoma in situ, currently being launched, will address a knowledge gap regarding the natural history of untreated ductal carcinoma in situ. Particularly in the present context of widespread mammographic screening for breast cancer, the availability of high resolution imaging, the establishment of specific pathologic criteria for the diagnosis and grading of ductal carcinoma in situ, and the demonstration of the efficacy of hormonal therapies in reducing ductal carcinoma in situ recurrence rates after surgery, the need to re-assess the significance of ductal carcinoma in situ in the modern clinical environment is acknowledged. The UK LORIS trial is already underway, whereas the LORD trial, sponsored by the EORTC-Dutch breast cancer group, the COMET trial in the Unites States and the Australian LARRA-KIN trial are at various stages of progress.
We can confirm that the preponderance of surgical biopsies performed for a pre-operative diagnosis of atypical ductal hyperplasia, result in non-malignant pathology findings. As such, consideration of inclusion of atypical ductal hyperplasia in trials of active surveillance is valid proposition.
In this series, having evaluated the surgical outcomes for a large cohort of women with screendetected atypical ductal hyperplasia, we have found that adoption of such a strategy would spare four of five women from immediate surgery. According to the LORIS trial design, these women would require annual, rather than 2 yearly imaging follow-up, which is no further impost for this particular cohort, as they are already advised to have annual mammography owing to their increased cancer risk. 25 However, active surveillance would lead to undertreatment of one in five women who have concurrent but undiagnosed high-risk malignancies, including invasive breast cancer and non-low-grade ductal carcinoma in situ. Although the invasive cancers were sub-centimeter, node negative and ER positive, two of the nine were HER2 amplified, suggesting a potentially aggressive phenotype, for which prompt treatment would usually be advised. In this series, the ductal carcinoma in situ was frequently extensive, leading to multiple surgeries in 29% of the women, including mastectomy, to achieve clear margins. It is unclear whether observation with annual mammography will adversely affect the survival prospects of the small group of patients with concurrent malignancy associated with atypical ductal hyperplasia. Similar to our findings, Pilewskie et al 26 have also reported that 20% of their patients with low-grade ductal carcinoma in situ, eligible for the LORIS trial, had concurrent invasive carcinoma at surgery. The LORIS investigators however reported zero upgrade among the subset of their patients with low-grade ductal carcinoma in situ diagnosed by vacuum-assisted core biopsy. 27 We, like other researchers, found independent predictors of malignancy among women with atypical ductal hyperplasia diagnosed on core biopsy. Specifically, the review histologic diagnosis and imaging extent of lesion identified lesions more likely to be malignant. The association between the likelihood of malignancy and a more nuanced histological sub-classification of atypia is not unexpected. The histologic definition of atypical ductal hyperplasia is based on findings in surgical specimens. It refers to the involvement of breast ducts by a monotonous proliferation of cells displaying atypia in the range of low-grade ductal carcinoma in situ and showing a cribriform-micropapillary architecture, but falling short of ductal carcinoma in situ due to (1) involvement of less than the entire duct spaces (ie, only partial involvement of the duct spaces), or (2a) involvement of less than two duct spaces (two duct minimum rule) by the characteristic cytologic and architectural changes of cribriform/micropapillary ductal carcinoma in situ, 28 or (2b) of o 2mm in aggregate dimension. 29 In the more recent context of core biopsy, these quantity criteria cannot be applied reliably. In practice, a broad array of epithelial lesions, displaying varying forms and degrees of atypia, are referred to descriptively as atypical ductal hyperplasia on core biopsy. We agree with UK colleagues that the term atypical intraductal epithelial proliferations is a more appropriate designation for this scenario, as it serves to distinguish them from classic, conventionally defined, atypical ductal hyperplasia. 1 However, the term atypical ductal hyperplasia is familiar and likely entrenched. Our histologic review confirmed the range of lesions classified descriptively as atypical proliferations on core biopsy. In retrospect, these processes include, at one end of the spectrum, subtle forms of architectural atypia, in the form of micropapillary tufting or minor cribriform proliferations. These foci generally showed minimal cytologic atypia and bordered on florid hyperplasia. At the other end of the spectrum were more extensive alterations, with a complex, cribriform architecture, suggestive of low-grade ductal carcinoma in situ, or exhibiting significant cytologic atypia, exceeding that usually associated with low-grade ductal carcinoma in situ, thus bordering non-low-grade ductal carcinoma in situ. Cases with the cyto-architectural features of classic atypical ductal hyperplasia comprised the largest subset, composing 46% of the cohort. We found a stepwise increase in the upgrade rate, ranging from 21%, for cases bordering hyperplasia, to 40% for typical atypical ductal hyperplasia and 69% when the changes bordered ductal carcinoma in situ due to extent or cytology. The five cases dominated by micropapillary hyperplasia did not include upgrades, but with such few cases, interpretation of this finding is uncertain. Others have found an association between the specific morphology of the atypia and the likelihood of an upgrade. 9 It is understandable that pathologists would be reluctant to make a definitive diagnosis of ductal carcinoma in situ on core biopsy, opting instead for categorization in the atypical category, since either diagnosis currently results in local excision, with an opportunity to evaluate a larger volume of the breast tissue. The fact that even in cases with cytologic atypia, or with significant architectural complexity that bordered ductal carcinoma in situ, 31% of the subsequent excisions did not reveal a malignant lesion lends support to this cautious approach.
Although we found statistically significant predictors of malignancy in this series, no reliable predictors could identify cases that were likely to be diagnosed subsequently as having invasive cancer or non-low-grade ductal carcinoma in situ. As such, predicting which patients with a core biopsy diagnosis of atypical ductal hyperplasia may safely opt for yearly surveillance was unreliable. To our knowledge, no other series has addressed this question. Since atypical ductal hyperplasia and low-grade ductal carcinoma in situ represent a morphologic continuum, particularly on core biopsy, these findings likely simulate the disease patterns in women currently being enrolled in ductal carcinoma in situ surveillance trials. Extending the subclassification of ductal carcinoma in situ by molecular techniques, it is possible that molecular genomic analyses for atypical ductal hyperplasia may distinguish subtypes that are precursor lesions to high-grade forms of ductal carcinoma in situ or invasive malignancy.
Conclusions
Annual surveillance spares 80% of women unnecessary surgery but presently is not a risk-free option for women diagnosed with atypical ductal hyperplasia on core biopsy, leading to under-treatment of 20% of this cohort. Although independent predictors of upgrade to malignancy are identified, no features predict high-risk malignancies reliably to assist patient selection for surveillance. In the future, the outcomes from ductal carcinoma in situ surveillance trials are likely to impact the approach to atypical ductal hyperplasia diagnosed by core biopsy.
Open biopsies performed after core biopsy are an important method of last resort for establishing the nature of some breast lesions, which have evaded definitive diagnosis by needle biopsy techniques. Such surgeries find benign processes in most cases. Refinement of the current indications for open biopsy, and non-surgical alternatives for follow-up merit consideration and further research, to reduce the morbidity associated with population-based screening. Pooling of large numbers of cases, through collaborative, multicenter studies have the potential to advance knowledge in this field and assist in the appropriate design of trials of surveillance for women diagnosed with atypical ductal hyperplasia on core biopsy.
